Background: Diabetes mellitus is a major independent risk factor for cardiovascular disease (CVD), but high cardiovascular risk in diabetes mellitus patients is not completely explained by clustering traditional risk factors. Recently, associations between diabetic polyneuropathy (DPN) and macrovasculopathy have been suggested. We aimed to assess associations between DPN and cardiovascular complications in type 2 diabetic patients. Methods: Microvascular and cardiovascular complications were evaluated in 1,041 type 2 diabetic patients. Results: In patients with DPN, the age, prevalence of hypertension, diabetes duration, systolic blood pressure, pulse pressure, and hemoglobin glycation (HbA1c) levels were significantly higher, while the high density lipoprotein cholesterol (HDL-C) levels were lower than in those without DPN. The prevalence of CVD was higher in patients with DPN. In multivariate analysis, DPN was independently associated with CVD (odds ratio, 1.801; 95% confidence interval, 1.009 to 3.214). Conclusion: Our results showed that DPN was associated with a high prevalence of cardiovascular disease in type 2 diabetic patients, but further studies are needed to investigate the causative nature of associations between DPN and CVD.
INTRODUCTION
Type 2 diabetes mellitus is the major cause of blindness, endstage renal disease, and non-traumatic amputation. Diabetes mellitus is also a major independent risk factor for cardiovascular disease such as ischemic heart disease and stroke [1] . This high cardiovascular risk is not completely explained by clustering traditional risk factors. In this regard, additional linkage between diabetes mellitus and increased cardiovascular morbidity and mortality might be related to the development of microvascular complications, such as albuminuria, decreased glomerular filtration rate, retinopathy, and cardiovascular autonomic neuropathy [2] [3] [4] .
Diabetic polyneuropathy (DPN) is one of the microvascular complications of diabetes that is attributed to chronic hyperglycemia and is a common cause of morbidity in patients with diabetes mellitus [5] . The major morbidity associated with DPN is foot ulceration, predisposition to gangrene, and limb loss [5] . Calcification of the media of arterial walls is common in patients with diabetes mellitus. Recently, some studies have reported that DPN is associated with medial arterial calcification in diabetes mellitus [6, 7] . Young et al. [7] reported that medial arterial calcification correlated with vibration perception threshold. Medial arterial calcification is known to be associated with coronary heart disease and all-cause mortality [8, 9] . Thus, DPN might be directly related to cardiovascular disease. However, relationships between DPN and cardiovascular disease in type 2 diabetic patients are not fully understood. In the present study, we aimed to assess associations between DPN and cardiovascular complications in type 2 diabetic patients.
METHODS
This study was an observational study designed to investigate the prevalence of chronic complications in type 2 diabetic patients. The data was obtained from September 2008 to August 2009. The study was approved by the Ethics Committee of Chonnam National University Hospital. All participants gave informed consent. A total of 1,041 patients with type 2 diabetes mellitus diagnosed after the age of 35 years who visited our hospital to evaluate chronic diabetic complications were investigated. Patients having any of the following characteristics were excluded from the study: active liver disease, glucocorticoid use, positive GAD autoantibodies, malignancy or primary neurologic disorders (previous spinal injury, a history of lumbar or cervical discopathies, carpal tunnel syndrome, alcoholic neuropathy, inherited neuropathy). A history and physical examination, including measurements of blood pressure, height, and body weight, were performed. Body mass index was calculated as weight (kg) divided by the square of height (m 2 ). Blood pressure was measured twice in a sitting position at a 5-minute interval after 30 minutes of rest, and the mean values were calculated. Pulse pressure was calculated as the difference between systolic and diastolic blood pressures. Hypertension was considered if the patient had a blood pressure greater than 140/90 mm Hg or used antihypertensive drugs. Smoking was defined as never/past or current.
Blood samples were collected after a 10 to 12 hour overnight fast. The plasma glucose level was measured using the hexokinase method (Hitach 7600-110; Hitachi Co., Tokyo, Japan), and HbA1c was measured using ion exchange liquid chromatography (HLC-723-GHbV; Tosoh, Tokyo, Japan). Levels of total cholesterol (AU 5400; Olympus, Tokyo, Japan), high density lipoprotein cholesterol (HDL-C) (AU5400), low density lipoprotein cholesterol (LDL-C) (AU5400), and triglycerides (AU5400) were measured. High-sensitivity C-reactive protein was measured using the BNTM system (N High Sensitivity CRP; Dade Behring, Marburg, Germany).
Urinary albumin excretion was determined using the urinary albumin: creatinine ratio (UAE) in random urine samples. The urinary albumin concentration was measured using the immunoturbidimetric method with a commercial kit (Randox, Antrim, UK). Nephropathy was defined as UAE ≥300 mg/gCr in two of three urine collections. To evaluate retinopathy, an ophthalmologist performed fundoscopy after pupillary dilation. In addition to a clinical neurological examination, peripheral neuropathy was assessed through the measurement of peripheral nerves with an electroneuromyographic device (Medelec Synergy; Oxford Instruments, Oxford, UK). Motor and sensory amplitudes, conduction velocities, F responses and latencies were recorded. If two or more different nerves showed abnormal findings greater than two standard deviations from the normal range in three or more of four parameters, the patient was determined as having neurophysiologically diagnosed peripheral polyneuropathy [10, 11] . Deep breathing (E/I ratio), Valsalva and posture tests were used to assess cardiovascular autonomic function with the Monitor one nDx (QMed Inc., Entontown, NJ, USA). Cardiovascular autonomic neuropathy was diagnosed in patients having at least two abnormal tests: an abnormal E/I ratio based on ageadjusted norms, a Valsalva ratio <1.2 or a 30:15 ratio <1.03.
Coronary heart disease and cerebrovascular disease were defined as cardiovascular disease. A diagnosis of coronary heart disease was based on a history of myocardial infarction, angina pectoris or ischemic heart disease, coronary artery angioplasty, or pathological findings coded using Minnesota codes 1.1 to 3, 4.1 to 4, and 5.1 to 3 in the resting electrocardiogram [12] . Cerebrovascular disease (CVD) was defined according to medical records, if pathological findings such as ischemic stroke on computed tomography or an area of low signal intensity measuring at least 3 mm on T1-weighted images and a hyperintense lesion on T2-weighted images on magnetic resonance imaging of the brain had been documented [13] . 
Statistical analysis

RESULTS
The mean age of the participants was 62.6±11.1 years; diabetes duration and HbA1c level were 12.2±7.7 years and 8.1±2.0%, respectively. The treatment methods for diabetes were: lifestyle modification alone (6.8%), oral hypoglycemic agents alone (61.2%), insulin dosing (11.8%), or a combination of oral hypoglycemic agents and insulin (20.2%). The clinical findings and laboratory data of type 2 diabetic patients, with and without DPN, are shown in Table 1 . Of a total of 1,041 type 2 diabetic patients, 550 patients were in the DPN group. In patients with DPN, the age, prevalence of hypertension, diabetes duration, systolic blood pressure, pulse pressure, and HbA1c level were significantly higher, while the HDL-C level was significantly lower compared to those in patients without DPN. After age adjustment, there were also significant differences in systolic blood pressure, diabetes duration, pulse pressure and HbA1c between patients with and without DPN (P<0.05, respectively). In motor and sensory nerve studies, there were significant differences between patients with and without DPN ( Table 1 ). The prevalence of diabetic retinopathy, nephropathy, or autonomic neuropathy was higher in patients with DPN, remaining significant after adjustment for age, diabetes duration, and hypertension (Table 2) . CVD was significantly associated with increased age, greater prevalence of hypertension, longer diabetes duration, a wider range in pulse pressure, and higher HbA1c level ( Table 3 ). The prevalence of diabetic retinopathy, nephropathy or DPN was higher in patients with CVD. To identify the significant independent determinants for CVD in all patients, logistic regression analyses were performed. In univariate analysis, DPN was associated with CVD (odds ratio [OR], 2.043; 95% confidence interval [CI], 1.434 to 2.910). For the multivariate analysis, we included the identified independent variables and factors previously reported to have independent associations with CVD. Here, DPN was independently associated with CVD (OR, 1.947; 95% CI, 1.169 to 3.241) ( Table 4) . When retinopathy, nephropathy, and autonomic neuropathy were also included in this model (model 2), DPN was also independently associated with CVD (OR, 1.801; 95% CI, 1.009 to 3.214).
DISCUSSION
In this study, our results showed that other diabetic complications, e.g., diabetic retinopathy and nephropathy were more prevalent in type 2 diabetic patients with DPN. Also, we found that there was a strong association between DPN and CVD prevalence in type 2 diabetic patients.
Type 2 diabetic patients with DPN had longer diabetes duration and higher HbA1c levels than those without DPN supporting previous studies [14, 15] . Also, DPN was associated with higher prevalence of retinopathy and nephropathy. Several prior studies have suggested that DPN is closely associated with diabetic retinopathy. O′Hare et al. [16] showed that diabetic neuropathy was associated with retinopathy in type 2 diabetes mellitus. Cohen et al. [17] demonstrated that DPN was associated with the high prevalence of both retinopathy and overt proteinuria in type 2 diabetic patients. However, a relationship between DPN and diabetic nephropathy has not been consistently demonstrated. Shaw et al. [18] reported that a significant proportion of type 1 diabetic patients with diabetic nephropathy did not have diabetic peripheral neuropathy. Recently, Karvestedt et al. [19] reported that DPN was more common in type 2 diabetic patients with overt proteinuria than it was in those without overt proteinuria. Results from these prior studies, in conjunction with our findings, suggest a close relationship between neuropathy and nephropathy, as well as between neuropathy and retinopathy.
DPN is known to predict foot ulceration, lower-extremity amputation, and mortality [20] . The presence of cardiovascular autonomic neuropathy contributes to a higher mortality rate in patients with diabetes mellitus, in part due to asymptomatic (painless) myocardial ischemia and hence delayed diagnosis [2] . Recently, associations between DPN and macrovasculopathy have been suggested [21, 22] . Coppini et al. [23] showed that higher vibration perception thresholds were more strongly associated with increased mortality than were other microvascular complications in diabetic patients. Forsblom et al. [24] reported that neurophysiologically diagnosed neuropathy might have a direct role for cardiovascular mortality in type 2 diabetes. In the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study, a significant relation to CVD outcomes such as nonfatal myocardial infarction and cardiac death was found with symptom (numbness) and sign (absent sensation) of peripheral polyneuropathy [25] . Data are mean±standard deviation or median (interquartile range). Number in parenthesis is percentage. Analyzed using Mann-Whitney U test, Student's t-test or χ 2 test. DPN, diabetic polyneuropathy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin glycation; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein.
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Also, some studies have demonstrated that distal symmetrical neuropathy is associated with medial arterial calcification in diabetes mellitus patients [6, 7] , which has been reported to be associated with an increase in coronary heart disease and allcause mortality in type 2 diabetes mellitus patients [8, 9] . Yoshida et al. [27] reported that the extent of coronary artery calcification measured by electron beam computed tomography was significantly higher in patients with DPN. In the present study, DPN was associated with a high prevalence of risk factors for macrovascular complications, such as poor metabolic control, dyslipidemia, hypertension, increased pulse pressure, and albuminuria. Also, DPN was associated with a high prevalence of CVD in type 2 diabetes patients. Thus, the results in the present study may support a common pathogenic mechanism as the relationship between neuropathy and macrovascular complications [19, 22, [28] [29] [30] , suggesting the roles of vascular and metabolic factors. However, further studies are needed to investigate the mechanism that links DPN with cardiovascular complications. This study has some limitations. Although nerve electrophysiologic studies are the sensitive, objective and highly reproducible means of investigating diabetic polyneuropathy and have a key role in the elimination of other causes of neuropathy, they have limitations in the assessment of small-fiber dysfunction [10] . Also, because our study was cross-sectional, the causative natures of the associations between DPN and CVD cannot be established. Further investigation is necessary to evaluate whether DPN is associated with incident CVD among type 2 diabetic adults and to determine possible mechanisms between DPN and CVD adverse outcomes.
In conclusion, this study shows that DPN is associated with a high prevalence of cardiovascular disease in type 2 diabetic patients and suggests that type 2 diabetic patients with DPN may warrant a more careful cardiovascular assessment and follow-up.
